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(54) Superconducting field winding assemblage for an electrical machine 



(57) A superconducting field winding assemblage 
for an etectrical machine, such as a rotary generator or 
a linear motor. The field winding assemblage includes at 
least two pole as86iTi}lies (20), Each pole assembly 
(20) has a direction of motion (18). a solid core (22), a 
superconductive coO assembly (24) generally surround- 
ing the soGd core and a first cooling conduit (36). The 
superconductive coD assembly (24) has a generally lon- 
gitudinally extending axis positioned generally perpen- 



dicular to the direction of motion and has an epoxy- 
impregnated. generally racetrack-shaped s^per-con- 
ductive coil (28) having a minor axis (30) positioned 
generally parallel to the (firection of motion (18). The 
first cooling conduit (36) contains a gaseous cryogen 
(38) (such as gaseous helium) and is positioned to be in 
thennal contact with the superconductive colt (28). 



Fig. 2 
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Description 

The present invention relates generally to super- 
conductivity; and more particularly to a superconducting 
field winding assemblage for an electrical machine. s 

Electrical machines having field windings include, 
but are not limited to, rotary generators, rotary motors, 
and linear motors. Rotors for rotary generators and 
rotary motors include multi-pole rotors whose many 
poles are racGally spaced apart fi'om and drcunferen- 10 
tially sun-ound the rotor shaft. Non-superconducting 
rotors include solid-core rotors, such as Iron-core rotors. 
Iron-core rotors saturate at an air-gap magnetic field 
strength of about 2 Tesla. Known superconductive 
rotors employ air-core designs to achieve air-gap mag- is 
netic fields of 3 Tesla or higher. Air-core superconduc- 
tive rotors require larger amounts of superconductive 
wire, which adds to the numt>er of coils required, the 
complexity of the coH supports, and the cost Such 
superconductive rotors may have porous or epoxy- 20 
impregnated superconductive coils cooled by liquid 
helium, with the used helium being returned as room- 
temperature gaseous helium. Using liquid helium for 
cryogenic cooling requires continuous reSquefaction of 
the returned, room-temperature gaseous helium, and ss 
such rellquefaction poses significant reliability problems 
and requires significant additional energy. What is 
needed is a superconducting field winding assemblage 
for an electrical machine that does not have tiie disad- 
vantages of tiie air-core and liquid-cooled SMpercon- 30 
ducting field winding assemblages of, for example, 
known superconductive rotors. 

It is an object of the invention to provide a super- 
conductive field winding assemblage for an electrical 
machine such as, for example, a rotary generator, a 3S 
rotary motor, or a lin ear motor. 

The field winding assemblage of the invention Is for 
an electrical machine and includes at least two pole 
assemblies. Each pole assembly has a direction of 
motion, a solid core, a superconductive coil assembly 40 
generally sunounding ttie solid core, and a first cooling 
conduit The superconductive coil assembly has a gen- 
eraDy longitudinally extending axis positioned generally 
perpendicular to the direction of motion and has an 
epoxy-impregnated^ generally racetrack-shaped super- 4s 
conductive coll having a minor axis positioned generally 
parallel to tfie direction of motion. The first cooling con- 
duit contains a gaseous cryogen and Is positioned to be 
in ttiermal contact with tiie superconductive coil. 

In a first preferred embodiment the field winding so 
assemblage is a rotor field winding assemblage, the 
direction of motion is a drcumferential direction of 
motion about an axis of rotation, and ttie pole assem- 
blies form a circumferential anay of pole assemblies 
positioned about ttie axis of rotation. ss 

In a second preferred embodiment, the field wind- 
ing assemblage is a linear motor field winding assem- 
tslage, the direction of motion is a generally linear 
direction of motion, and tiie pole assemblies form a lin- 



ear array of pole a8seni)lies positioned generally paral- 
lel to ttie linear direction of motion. 

Several benefits and advantages are derived fi'om 
the invention, the soGd core allows, for example, a 2- 
Tesla (or less) superconductive rotor to use about 10 
times less superconductive wire ttian would be used for 
an air-core superconductive rotor design. The drastic 
reductfon in ttie amount of superconductive wire 
needed by Une rotor reduces ttie number of coils 
needed. The epoxy-impregnated superconductive coll 
is self standing allowing solid conduction cooling by a 
smaD first cooling tube Instead of requiring a large con- 
tainer to hold a liquid ayogen into which the supercon- 
ductive coil must be immersed. 

The accompanying drawings illustrate several pre- 
fenred embodiments of the present invention wvherein: 

Figure 1 is a perspective schematic view of a first 
pretended embodiment of ttie superconducting field 
winding assemblage of the invention sfiowing a 
rotor field winding assemblage; 

Rgure 2 is a schematic sectional view, taken along 
lines 2-2 in Rgure 1, of a pole assembly together 
Witt) Its attachment to a portion of the rotor rim; and 

Rgure 3 Is a perspective cut-away schematic view 
of a second preferred emtxxiiment of the supercon- 
ducting field winding assemblage of ttie Invention 
showing a linear motor field winding assemblage. 

Refenring now to ttie drawings, wherein tike numer- 
als represent like elements ttiroughout Rgures 1-2 
show a first preferred embodiment of the f teki winding 
assemblage of the present invention wherein the fiekl 
winding assemblage is for an electrical machine, 
wherein the electrical machine is a rotary generator 10 
(only ttie superconducting rotor 12 portion of which is 
shown in the figures, ttie superconducting rotor 12 hav- 
ing an axis of rotation 1 4), and wherein the field winding 
assentiage Is a rotorfieki winding assemblage 16. The 
field winding assemblage includes a direction of motion 
which for ttie rotor field winding assemblage 1 6 is a cir- 
cumferential direction of motion 18 about an axis of 
rotation which is the axis of rotation 1 4 of the supercon- 
ducting rotor 12. 

The rotor field winding assemblage 16 includes a 
plurality of pole assemblies 20 each Including a solid 
core 22 and a superconductive coil assembly 24 gener- 
ally surrounding the solid core 22. Preferably, ttie solid 
core 22 consists essentially of iron. Each superconduc- 
tive cdi assembly 24 has a generally longitudinally 
extending axis 26 disposed generally perpendicular to 
the circumferential cfirection of motion 18. Each super- 
conductive coil assembly 24 also has an epoxy-impreg- 
nated, generally racetrack-shaped superconductive coil 
28 having a minor axis 30 disposed generally parallel to 
the circumferential drection of motion 18. It is noted that 
"racetrack-shaped" includes straight sections con- 
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nected by rounded comer& Preferably, the eupercon- 
ductive coil assembly 24 also Includes a thermal shield 
32 generally sinounding and spaced apart from the 
superconductive coil 28, and the superconductive coil 
assembly 24 further includes a vacuum enclosure 34 5 
surrounding and spaced apart from the thermal shield 
32. In an exemplary embodiment, the superconductive 
coil 28 is a niobiunvtin superconductive coll. It is noted 
from Rgure 1 that the plurality of pole assemblies 20 is 
a circumferential anay of pole assemfcdies cfisposed 10 
about the axis of rotation 14. 

In an exemplary embodiment not shown In the fig- 
ures, the superconductive coils 28 are superconduc- 
tively connected in series, with such coil connections 
between drcumferentially-adjacent coll assemblies 24 is 
being generally surrounded by appropriate thermal 
shield connections and being further sun^ounded by 
vacuum enclosure connections. 

Each pole assembly 20 additionally Includes a 
direction of motion which, for the rotor field winding 20 
assemblage 16. is a circumferential cfirection of motion 
about an axis of rotation which is identical to the circum- 
ferential direction of motion 18 of the rotor field winding 
assemblage 16 about the axis of rotation 14 of the 
superconducting rotor 12. 2S 

Each pole assembly 20 also Includes a first cooling 
conduit 36 containing a gaseous cryogen 38 and dis- 
posed in thermal contact with the superoorxluctive coil 
28. Preferably, the gaseous cryogen 38 consists essen- 
tially of gaseous helium at a temperature of between 30 
generaDy ten and generally sev/enty degrees Kelvin. 
Preferably, each pole assembly 20 further includes a 
second cooling conduit 40 containing a gaseous cryo- 
gen 42 and disposed in thermal contact with tiie thermal 
shield 32. It Is noted f^om Figure 2 that the first cooling 
conduit 36 is spaced apart from the thermal shield 32 
and that the second cooling conduit 40 is spaced apart 
from the superconductive coil 28. 

Referring again to tiie drawings. Figure 3 shows a 
second prefened embodiment of the field winding 40 
assemblage of the present Invention wherein the field 
winding assemblage Is for an electrical macNne, 
wherein the electrical machine is a linear motor 44 (only 
the cut-away moving portion 46 of which is shown in the 
figures), and wherein the field winding assemblage is a 45 
linear motor field winding assemblage 48. The field 
winding assemblage Includes a direction of motion 
which for the linear nrator field winding assemblage 48 
is a generally linear direction of motion 50. 

The linear motor field winding assemblage 48 so 
includes a plurality of pole assemblies 52 each including 
a solid core 54 and a superconductive coil assembly 56 
generaOy sun^ounding the solid core 54. Preferably, the 
solid core 54 consists essentially of iron. Each super- 
conductive cofl assembly 56 has a generally longitudi- 55 
nally extending axis 58 disposed generally 
perpendicular to the linear direction of motion 50. Each 
superconductive coil assembly 56 also has an epoxy- 
impregnated, generally racetrack-shaped superconduc- 



tive coil 60 having a minor axis 62 disposed generaDy 
parallel to the linear direction of motion 50. Preferat)ly. 
the superconductive coil assembly 56 also includes a 
thermal shield generally sunrounding and spaced apart 
from the superconductive coil 60, and the superconduc- 
tive coil assemt)ly 56 further includes a vacuum enclo- 
sure sunounding and spaced apart from the thermal 
shield, such tiiermal shield arid vacuum enclosure 
being omitted from Rgure 3 for clarity. In an exemplary 
embodimenl ttie superconductive coll 60 is a niobium- 
tin superconductive coil. It is noted from Figure 3 that 
the plurality of pole assemblies 52 is a linear array of 
pole assemblies disposed generally parallel to the linear 
direction of motion 50. 

In an exemplary embodiment not shown in the fig- 
ures, the superconductive coils 60 are superconduc- 
tively connected in series, with such coil connections 
between fineariy-acQacent coil assembfies 56 being 
generally surrounded by appropriate thermal shield 
connections and being further surrounded by vacuum 
enclosure connections 

Each pole assembly 52 additionaOy includes a 
direction of motion which, for the Dnear motor field wind- 
ing assemblage 48, is a generally linear direction of 
motion which Is identical to the Dnear direction of nrx>tion 
50 of the linear motor field vending assemblage 48. 

Each pole assembly 52 also includes a first cooling 
duct (omitted from Rgure 3 for clarity) containing a gas- 
eous ayogen and disposed in themial contact with the 
superconductive coil 60. Preferably, the gaseous cryo- 
gen consists essentially of gaseous hetiun at a temper- 
ature of between generaOy ten and generally seventy 
degrees Kelvin. Preferably, each pde assembly 52 fUr- 
tfier Includes a second cooling duct (also omitted from 
Figure 3 for clarity) containing a gaseous cryogen and 
cfisposed in tiienmal contact with the thermal shield 
(omitted from Figure 3 for darlty}. It is noted that ttie first 
cooling duct is spaced apart from ttie ttiermal shield and 
tfiat the second cooling duct is spaced apart from the 
superconductive coil 60. 

. It Is poimed out that the field winding assemblage 
16 and 48 of the present Invention is not limited to a 
rotor field winding assemblage. 16 (such as for a rotary 
generator 1 0 or a rotary motor) or to a linear motor field 
winding assemblage 48, but includes any field winding 
assemblage. It is noted that conventional rotary genera- 
tors, rotary motors, and linear motors may be retrofitted 
to have their non-superconductive field winding assem- 
blages replaced with the field winding assemblage 16 
and 48 of ttie present invention. 

It is noted that for example, the superconductive 
coil 28 may be supported in ttie vacuum enclosure 34 
during operation of ttie electrical machine by first and 
second thenmally insulative honeycomb assemfc)lages 
(omitted from Rgure 2 for clarity). By thennaily insula- 
tive" is meant ttiat tfie honeyconfib assemblage has a 
ooefficient of ttiermal conductivity generally not exceed- 
ing ttial of filamentary glass reinforced epoxy at a tem- 
perahire of generally fifty degrees Kelvin. Preferably, ttie 
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first thermaDy insulative honeycomb assentiage is dis- 
posed between the superconductive coil 28 and the 
thermal shield S2, and the second thermally Insulative 
honeycomb assemblage (or a thermally insulative sus- 
pension strap) is disposed between the thermal shield 
32 and the vacuum enclosure 34. Preferably, each of 
the honeycomb assemblages Includes a plurality of 
generally identical cells having a common open direc- 
tion aligned to extend from the euperconductive coil 28 
to the vacuum enclosure 34. In an exemplary enable- 
ment, each thermally insulative honeycomb assem- 
blage is a filam'entary-reinfbrced-epoxy (FRE) 
composite honeycomb structure whose distance 
between opposing sides of a cell ranges between gen- 
erally one millimeter and generally one centimeter. The 
honeycomb assemblage provides a conpression sup- 
port structure having adequate lateral shear sqsport 
and a low heat leak. It is noted that conventional support 
structures Ibr superconducting coils employ discrete 
tension support members and discrete lateral support 
members. The honeycomb assemblages may or may 
not have a compressive preset depending on a particu- 
lar application. Each honeycomb assemblage may be a 
monolithic (i.e.* Integral) assemblage or may consist of 
a muitipllcity of discrete and spaced-apart or contacting 
sub-assemblages. 

An engineering analysis of a rotor field winding 
assemblage 16 for a rotary electric generator 10 
designed in accordance with the principles of the 
present invention would result in using about 90 Kg (200 
pounds) of superconductive wiring compared with hav- 
ing to use about 4.500 Kg (10.000 pounds) of non- 
superoonductive copper wiring In a non-super-conduc- 
tive rotor design or having to use about 900 Kg (2000 
pounds) of superconductive wiring in an air-core, liquid- 
helium cooled superconductive rotor design. It is noted 
that the advantage of any superconductive rotor is the 
elimination of resistive losses and. because of cryo- 
genic cooling, the elimination of thermal cycling prot)- 
lems typical of non-siperoonducting copper windings. 
Air-core superconductive rotors require large amounts 
of superconductivB wire which adds to the number of 
colls required, the complexity of the coil su]:^x)rt&, and 
the cost when compared with the superconductive rotor 
field winding assemblage 16 of the present invention. 
Uquid-helium cooled superconductive rotors require 
continuous reliquefaction of the returned, room-temper- 
ature gaseous helium, with such reliquefaction posing 
significant reliabiilty problems and requiring significant 
additional energy. Such oooCng problems are not 
present in the rotor field winding assemblage 16 of the 
present invention. 

Claims 

1. A field winding assemblage for an electrical 
machine, saidf ield winding assemblage comprising 
a plurality of pole assemblies arranged for motion In 
a first cGrection and each including: 



a superconductive coil assembly generaQy sur- 
rounding a soHd core, having a generally longi- 
tudinally extending axis disposed generally 
perperidicular to said first direction of motion, 

5 and having an epoxy-impregnated. generally 

racetrack-shaped superconductive coil having 
a minor axis disposed generally parallel to said 
first direction of motion; aixi 
a first cooling conduit containing a gaseous 

10 cryogen and disposed in thenmal contact with 

said siqserconductive cofl. 

2. The field winding assemksfage of claim 1, wherein 
said superconductive coil assembly also includes a 

15 thermal shield generally sun'ounding and spaced 
span from said superconductive coO. 

3. The field winding assemt)lage of claim 2. wherein 
said superconductive coil assembly also includes a 

20 vacuum enclosure surrounding and spaced apart 
from said thermal shield. 

4. The field winding assemblage of claim 3. wherein 
each of said pole assemblies also includes a sec- 

25 ond cooGng conduit containing a gaseous cryogen 
and disposed in thermal contact with saki thermal 
shield. 

5. The field winding assemblage of any one of claims 
30 1 to 4. wherein said solid core consists essentially 

of iron. 

6. The field winding assemblage of ariy one of claims 
1 to 5. wherein sakI gaseous cryogen consists 

35 essentially of gaseous helium at a temperature of 
between generally ten and generally seventy 
degrees Kelvin. 

7. The field winding assemblage of any one of claims 
40 1 to 6, wherein said f iekJ winding assemblage is a 

rotor field winding assemblage and wherein sakI 
f rst direction of motion is a circumferential direction 
of motton about an axis of rotatioa 

45 8. The field winding assemblage of claim 7, wherein 
said plurality of pole assemblies is a circumferential 
array of pole assembfies disposed about said axis 
of rotation. 

60 9. The field winding assemblage of any one of claims 
1 to 6. wherein said field winding assemblage is a 
Gnear motor fieki winding assemblage and wherein 
said first cfirection of motion is a generally linear 
direction of motkm. 

55 

10. The field winding assemblage of claim 9. wherein 
said plurality of pole assemblies is a linear array of 
pole assemblies disposed generally parallel to sakI 
linear direction of motion. 
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